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Abstract 
Six blood groups (Rh, MN, Duffy, Kidd, Kell and Lutheran) were investigated among three 
major ethnic groups (Bosniaks, Bosnian Croats, and Bosnian Serbs) as well as ten regional 
subpopulations across Bosnia and Herzegovina (Krajina, Posavina, North-Eastern Bosnia, 
Eastern Bosnia, Middle Bosnia, Central Bosnia, Sarajevo Region, Eastern Herzegovina, 
Central Herzegovina, and Western Herzegovina). This is the first study that introduces the 
molecular genetic typing of five blood groups within the population of Bosnia and 
Herzegovina with the exception of RhD blood group. The sample consisted of 450 buccal 
swabs from unrelated individuals. Five blood group systems (RhD, RhC, RhE, Kidd, MN) 
were genotyped by the PCR-SSP method, while three blood group systems (Kell, Duffy, 
Lutheran) were genotyped by the PCR-RFLP method. Minor variation of genetic diversity 
was observed within the three major ethnic groups in B&H as well as within the ten 
subpopulations stratified according to geographical criteria. No genetic differentiation among 
ethnic groups was noticed. These results are in agreement with the results of previous studies 
based on different molecular genetics markers, which indicate that the three ethnic groups of 
Bosnia and Herzegovina belong to the same gene pool. A similar level of genetic variance 
was observed within regional subpopulations with no significant genetic differentiation 
among them. Comparison of intrapopulation genetic diversity of the Bosnian and 
Herzegovinian population with other European and non-European populations, based on the 
three loci (RHD, MN and KEL), clearly showed that the level of genetic diversity of the 
Bosnia and Herzegovina population is within the European range. 
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From a demographic and genetic perspective, Bosnia and Herzegovina (B&H) is interwoven 
with several more or less isolated local populations of indigenous people and presents a very 
interesting area for population-genetic studies of different levels and orientations. B&H is 
inhabited by three major ethnic subpopulations (Bosniaks, Bosnian Serbs and Bosnian 
Croats, more than 96% of the population) and 17 national minorities 
(http://www.popis2013.ba/). All three groups are Slavic. One generally recognized ethnic 
difference among the three groups is religion (Bosniaks are predominantly Muslims, Croats 
are mostly Catholic and Serbs are largely Orthodox Christian). Besides that, Bosnian, 
Croatian and Serbian are recognized as different official languages, but they are mutually 
intelligible. The history of population studies in B&H dates back to the late 19th century 
(Himmel 1887; Weisbach 1895) and, according to the type of markers that were observed, 
can be separated into two main periods. Studies based on phenotypic markers conducted by 
different B&H scientists in the 1970s and 1980s (Kaunic & Grin 1963; Bošković 1975; 
Hadžiselimović 1977; 1981; Hadžiselimović & Terzić 1985; Berberović 1969; 1976; 1978) 
provided the first reliable and medically relevant data about the distribution of ABO, Rh and 
MN blood groups in B&H. The distribution of phenotypic, biochemical and molecular genetic 
markers was investigated in geographically and ethnically defined subpopulations 
(Hadžiselimović 1981; Marjanović et al. 2004; 2005; 2006; Pojskić et al. 2005; Pojskić et al. 
2010; Kovačević et al. 2014; Doğan et al. 2016; Ahmić et al. 2019). The results showed no 
statistically significant genetic differentiation among the three main ethnic groups or 
subpopulations from different geographical regions of B&H, regardless of the markers used. 
A blood type (also called a blood group) is a classification of blood, based on the 
presence or absence of inherited antigenic substances on the surface of red blood cells 
(RBCs) and the surface of other cell types of different tissues (Avent 1998). According to the 
International Society of Blood Transfusion (ISBT), about 33 blood groups and over 300 
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different blood-group antigens have been found (Lögdberg et al. 2010), but many of these are 
very rare or mainly found in certain populations. Until molecular genetic analysis was 
introduced to the methodology in the late 20th century, the common way of detecting a 
particular blood group was based on serological analysis. The accordance between results 
based on serological and molecular-genetics methods for RhD blood group was estimated in a 
comparative study performed by Lasić et al. (2013). Inter-rater agreement statistic (K, Kappa) 
was used with a 95% confidence interval. The results showed perfect agreement (K=1) 
between the RhD blood group detection based on serological and molecular-genetics 
methods. Study by Male et al. (2002) showed 100% concordance between M/N antigen 
serotyping and the results obtained by PCR. An agreement of 100% between genotype and 
phenotype for Rh, Kell, Kidd and Duffy blood groups was noticed in blood donors control 
group (Castilho et al. 2000). The above-mentioned studies further corroborate our assumption 
that serological and molecular typing of analyzed blood groups also conform. Since blood 
groups are qualitative traits controlled by only one or a small number of genetic loci, it is 
relatively easy to do allele genotyping and calculate their frequency in respective populations. 
Therefore, the analysis of variation in blood groups is a convenient way to identify the 
genetic population structure (Bodmer 2015). This study introduces the molecular genetic 
typing of six blood groups (Rh, MN, Duffy, Kidd, Kell and Lutheran) and provides the first 
information about the genotypic and allelic frequencies of the Duffy, Kidd, Kell and Lutheran 
blood groups within the population of B&H. In that sense, it complements the previously 
published data on the distribution phenotypes of the ABO, Rh and MN blood group systems 
and contributes to the knowledge about the genetic structure of human populations that 
inhabit this area. 
 
Material and Methods 
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A total of 450 unrelated individuals (0.01% of total B&H population 
(http://www.popis2013.ba/) from B&H belonging to three major ethnic groups (Bosniaks, 
Bosnian Croats and Bosnian Serbs) as well as ten subpopulations (Figure 1) were observed. 
The subdivision of the B&H population into 10 different subpopulations was based on 
physical geographic and historic criteria. This geographic distribution was proposed by 
Pojskić et al. 2013. The sample comprised 240 Bosniaks, 116 Bosnian Croats and 94 Bosnian 
Serbs. 
The regional sample size is shown in Table 1. Before sampling each participant was 
selected based on a questionnaire that provided data on personal, parental and grand-parental 
ethnic and geographic origin. Families of selected participants had lived at their present 
locations for over three generations. Samples were collected voluntarily from individuals 
after signing informed consent and being appropriately informed about the aim of the 
research. Six blood group systems (Rh, Kell, Kidd, Duffy, Lutheran and MN) were observed 
through eight loci (RHD, RHC, RHE, KEL, JK, MN, FY and LU). Although RHC and RHE 
are related, they were treated as two independent loci. DNA was isolated from buccal swabs 
using the standard salting-out method (Miller et al. 1988). A qualitative-quantitative analysis 
of extracted DNA was done by spectrophotometry and agarose gel electrophoresis. Five 
blood group loci (RHD, RHE, RHC, MN and JK) were genotyped using the PCR-SSP method 
with protocols and primers previously described by other authors (Simsek et al. 1995; Faas et 
al. 1995; Avent 1998; Nakayashiki & Sasaki 1996; Irshaid et al. 1998, respectively). The 
other three blood group loci (KEL, FY, LU) were genotyped by the PCR-RFLP method. For 
KEL and FY we used protocols and primers described by Rios et al. (1999) and for the LU 
locus protocols and primers by El Nemer et al. (1998). PCR products were separated on 2-3% 
agarose gels and visualized with ethidium bromide. Gel analysis was carried out using the 
EDAS software (Kodak Electrophoresis Documentation and Analysis System). The 
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mutations associated with each serologically defined phenotype whose MAF is listed in 
tables 1 and 2 are given in Supplementary Table 1. 
The measures of heterogeneity for the analyzed populations were estimated by 
calculating allele and genotype frequencies as well as gene diversity (Nei 1987) and the 
inbreeding coefficient for individual subpopulations and overall. To estimate deviation from 
Hardy-Weinberg equilibrium, the exact p-value test (Guo & Thompson 1992) was used. After 
Bonferroni correction, statistical significance for Hardy-Weinberg equilibrium departure test 
was considered as p<0.001. The above-mentioned parameters were calculated using 
POWERMARKER v3.25 (Liu & Muse 2005). 
For calculating genetic differentiation as well as genetic distance we used DISPAN 
(Ota 1993). It is important to point out that GST, as a measure of genetic differentiation, for 
biallelic loci becomes identical to FST which is defined as 𝜎𝑥 
2 /{?̅? (1 − ?̅?)} (Nei 1987). GST as 
a parameter, estimates the proportion of genetic variation due to among-population genetic 
differentiation. Genetic distance (DA) was estimated using the method described by Nei et al. 
(1983). A Neighbor-Joining (NJ) dendrogram (Saitou & Nei 1987) was constructed based on 
the results of genetic distance analysis assessing the relationship among the ten observed 
B&H subpopulations. NJ dendrogram was created using MEGA 7 (Tamura et al. 2007). The 
deviation of average genetic distances between each subpopulation and all others from the 
average genetic distances among all subpopulations was calculated according to 
Hadžiselimović (1981) as ( Ak - At)/ At, or the index of genetic specificity (IGSP) where 
Ak is the value for the population average genetic distance and At is the total average 
among all genetic distance values. The value of IGSP for each subpopulation shows the 
intensity and direction of deviation from the overall distance value. In this case a p-value was 
calculated as a statistical significance of this deviation. It is important to point out that a z-
score of p<0.05 was considered statistically significant. The value of IGSP was calculated 
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using IGSP script posted on INGEB’s website (IGSP R script. Retrieved January 23, 2020, 
from http://ingeb.unsa.ba/popgen/R/igsp/igsp.html) 
An analysis of molecular variance (AMOVA) (Excoffier et al. 1992) was used for the 
partitioning of genetic variation among the observed 10 subpopulations defined by 
geographic regions. The above-mentioned test was performed in POWERMARKER v3.25 
(Liu & Muse 2005). 
We performed a non-metric multidimensional scaling (NM-MDS) (James & Culloch 
1990) in order to analyze the homogeneity of the genetic structure of each of the 
subpopulations defined according to ethnicity.  We also used NM-MDS based on Euclidean 
distances for RhD, MN and Kell blood type data to compare the B&H population with 10 
other European and three non-European populations. This analysis was performed in PAST 
v3.26 (Hammer et al. 2001). Comparison data for these three blood groups (RhD, MN and 
Kell) is presented in Supplementary Table 2. In order to estimate a p-value for differences 
between estimated gene diversities and allele frequencies, we used one-sample permutation 
tests within R programming language packages DAAG (number of permutations = 2000) (R 
Core Team 2017). We used the permutation test in the PERM package within R 
programming language (R Core Team 2017) to assess the statistical significance of genetic 
differentiation at the 0.05 level of probability. 
 
Results and Discussion 
A comparison of ten regional subpopulations showed a significant deviation from Hardy-
Weinberg equilibrium (p<0.05) in seven of them. After Bonferroni correction, the level of 
statistical significance was changed to p<0.001, and only one subpopulation was in Hardy-
Weinberg disequilibrium: Krajina for locus FY. The highest average value of gene diversity 
was found in the subpopulation Krajina (0.392) and lowest in Central Herzegovina (0.328) 
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(Table 1).  A moderately high level of gene diversity within LU locus (0.219) could be 
attributed to the fact that great variation between central and south parts of our country exists.  
An overall intrapopulation inbreeding coefficient for all loci indicates that none of the studied 
subpopulations show a tendency for inbreeding. The average values of gene diversity within 
the three major ethnic groups of B&H were similar, ranging from 0.361 for Bosnian Croats to 
0.376 for Bosnian Serbs, while the value of gene diversity for Bosniaks was 0.367 (Table 2). 
Observed differences of gene diversity within the three ethnic groups of B&H are minimal 
and do not significantly impact the genetic differences among ethnic groups. We have 
compared allele frequencies of the MN and Rh blood groups in the population of B&H 
obtained by the molecular-genetic method from this study with allele frequencies obtained by 
the serological method in two studies (Berberović et al. 1976; Hadžiselimović & Terzić, 
1985; respectively). The allele frequencies obtained by Berberović et al. (1976) were, 0.537 
for M allele and 0.463 for N allele, while Hadžiselimović & Terzić (1985) reported 0.591 for 
the RhD allele and 0.409 for the Rhd allele. The results obtained in this study, using 
molecular genetic methods, correspond to allele frequencies obtained by serological methods 
in the population of B&H. No statistically significant difference was noticed between allele 
frequencies of RhD and MN loci when Berberović et al. (1976); Hadžiselimović & Terzić 
(1985) and this study are compared (p-value = 0.120). In the study by Pojskić et al. (2013), 
when other biallelic markers (Alu polymorphisms) were used, gene diversity ranged from 
0.305 to 0.328, showing that the average gene diversity of B&H population is lower than 
those found in a study that observed 18 Alu loci in European Mediterranean populations 
(Greek 0.363, North Spain 0.366, Central Spain 0.356, South Spain 0.358, South France 
0.351) (González-Pérez et al. 2010). In the present survey, the mean values of the same 
parameter for the blood group markers spanned from 0.328 to 0.392 (Table 1). No 
statistically significant difference was noticed between values of gene diversity when the 
Pre-print version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version. 
above-mentioned studies are in question (p-value = 0.252). Taking into account that this 
study included the same individuals as in Pojskić et al. (2013), it can be concluded that the 
genetic diversity of B&H population is higher when observed based on polymorphism of 
blood groups than on the Alu markers. 
Analysis of molecular variance (AMOVA) of blood group loci detected moderate 
differentiation between the observed subpopulations defined by geographic regions. The 
lowest intrapopulation variation was observed in the Posavina subpopulation (0.0407), and 
the highest in the Sarajevo subpopulation (0.0656). Interpopulation variation was 0.0228 
(2.28%) which was consistent with the results of the genetic differentiation test. The overall 
genetic differentiation in ten regional subpopulations, stratified by geographic criteria, was 
0.024 (2.44%) (Table 1) which is greater than the value (0.009) detected in Pojskić et al. 
(2013) based on Alu polymorphism. No statistically significant difference was noticed 
between values of genetic differentiation in regional subpopulations from this and Pojskić et 
al. (2013) study (Z = 1.836; p-value = 0.06636). When three main ethnic groups in B&H are 
observed, a larger overall genetic differentiation (GST) was noticed in this study (0.008 – 
0.8%) (Table 2) than in one regarding Alu polymorphisms (0.003). The reason why values of 
genetic differentiation from this study are much higher than those observed in study about 
Alu polymorphisms (Pojskić et al. 2013) could be attributed to the fact that different markers 
were used in these studies. Tills (1977) studied different blood groups which included ABO, 
secretor, Lewis, MNSs, Rh, Kell, Duffy, Lutheran, Kidd, P and Diego in world and European 
populations. Nonetheless, the value for blood group genetic differentiation in B&H 
population is much lower than the one found for world populations (0.205; Tills 1977). 
However in comparison with European populations (Tills 1977), the value was close to 
identical (0.007). No statistically significant difference was noticed between values of genetic 
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differentiation when we compared results from this study, Pojskić et al. (2013) and Tills 
(1977) study (Z = 1.683; p-value = 0.09135). 
The values of genetic distance among regional subpopulations do not digress 
significantly, suggesting that these subpopulations are very close in the context of the 
distribution of the six analyzed blood groups. The highest value of genetic distance was 
detected among the subpopulations of Eastern Herzegovina and Central Herzegovina 
(0.0163) while the lowest value was among the subpopulations of North-Eastern Bosnia and 
Western Herzegovina (0.0010) (Table 3). These genetic distances are consistent with the 
neighbor-joining dendrogram; however, they are not consistent with geographic proximity of 
the studied subpopulations. The index of genetic specificity (IGSP) showed no statistically 
significant deviation of the average genetic distance of each subpopulation from the overall 
distance (Table 4). These results indicate that the genetic distances among the subpopulations 
are without major variation. This finding further supports the conclusion that there is no 
major genetic differentiation of observed markers within B&H taking into consideration 
geographical parameters without ethnic affiliation of the subjects. The neighbor-joining 
dendrogram showed two major groups of clusters (Figure 2). The first one includes Eastern 
Herzegovina and Middle Bosnia together with Central Bosnia, Krajina and Eastern Bosnia. 
The other one includes North-Eastern Bosnia, Western Herzegovina, Sarajevo region, Central 
Herzegovina and Posavina. These findings are based on the results of genetic distance among 
10 observed subpopulations stratified upon geographic criteria. Since the observed genetic 
distances between these subpopulations were very small (Table 3), we can conclude that the 
topology of the subpopulations within the NJ dendrogram may not reflect any solid genetic 
difference based on observed markers or do not follow the geographical distribution of 
regions (Figures 1 and 2). For the purpose of obtaining information regarding the 
homogeneity of the genetic structure of each subpopulation defined by ethnic affiliation, we 
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conducted non-metric multidimensional scaling (NM-MDS). This graph, created on the basis 
of frequencies of eight loci from six blood group systems, showed the dispersion of samples 
and a lack of differentiation of samples according to their ethnicity (Figure 3). Non-metric 
multidimensional scaling (NM-MDS) analysis of 10 European and three non-European 
populations (Figure 4) based on data from three blood group systems (RhD, MN, Kell), 
showed a clear clustering of European populations. Also, this analysis positioned B&H much 
closer to European populations than to non-European populations (India, China and South 
Korea). B&H was positioned nearest to Germany, Norway, Denmark and United Kingdom. A 
slightly greater distance was noticed between our population on one side and Serbia, Sweden, 
Ireland and France populations on the other side. Our population, in regards to European 
populations, positioned the farthest from Spain and Iceland populations. In context of other 
non-European populations, the largest distance was noticed between South Korea and China 
on one side, and on the other, a cluster of European populations. A slightly smaller distance 
was observed between European populations and India. These results are quite in 
concordance with results of previous studies based on STRs (Marjanovic et al. 2004; 2006), 
Y STRs (Marjanovic et al. 2006; Doğan et al. 2016), mtDNA haplogroups and CYTB (Kapur 
et al. 2003; Pojskić 2005, Kovačević et al. 2014, Ahmić et al. 2019). All the above-mentioned 
studies that were performed on the B&H population indicate no statistically significant 
genetic differentiation among analysed subpopulations regardless of the geographical and 
ethnic structure. The only exception with statistically significant genetic differentiation 
among three ethnic groups was found in the study of Marjanovic et al. (2005). They found 
that Bosnian Croats were the most homogeneous group (H=0,470) where the frequency of 
observed sub-haplogroup I-P37 was particularly high (71.1%). These results are explained by 
the influence of genetic drift, given that the samples of Bosnian Croats, by demographic 
parameters, are from a limited part of B&H (mostly from Western Herzegovina), and 
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especially by the fact that the number of Croats in B&H is relatively small, with the emphasis 
on extensive emigration. Such results were confirmed by the study of Doğan et al. (2016). 
Overall, we can conclude that the B&H population, regardless of the geographical and ethnic 




This study provided the first data on polymorphisms of RhC, RhE, Kell, Duffy, Kidd, and 
Lutheran blood groups in the population of B&H and their variation with regards to regional 
or ethnic affiliation. Also, this research has contributed to completing the picture of the 
genetic structure of subpopulations and inhabitants, complementing the results of previous 
investigations of other molecular genetic markers such as nuclear STR, mitochondrial HV 
regions, Y-chromosome markers, and Alu polymorphisms. It can be concluded that there is 
no significant differentiation among geographically or ethnically defined subpopulations in 
B&H. These results are in agreement with the results of previous studies, indicating that 
B&H represents a unique region and that three major ethnic groups in the country belong to 
the same gene pool, sharing the same origin as a part of European genetic background. 
 
Received 19 February 2020; accepted for publication 28 August 2020. 
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Table 1. Allele Frequencies, Gene Diversity and GST Values for Eight Analyzed Loci in Ten Regional Subpopulations of Bosnia and Herzegovina 
*KR-Krajina, PO-Posavina, NE-North-Eastern Bosnia, CB-Central Bosnia, MB-Middle Bosnia, WH-Western Herzegovina, SR-Sarajevo Region, EB-Eastern 
Bosnia, CH-Central Herzegovina, EH-Eastern Herzegovina; B&H-Bosnia and Herzegovina; MAF= major allele frequency; Ovr. MAF=overall MAF for B&H 
(unweighted estimates);    H = gene diversity; GST = locus GST (GST – measure of genetic differentiation); in column Locus in each bracket is given the identity 
of the allele whose frequency is being cited for majority of subpopulations except for some subpopulations in which case we stated the allele identity in bold next 
to its MAF. 
 KR 
(n = 55) 
PO 
(n = 37) 
NE 
(n = 39) 
CB 
(n = 53) 
MB 
(n = 37) 
WH 
(n = 42) 
SR 
(n = 64) 
EB 
(n = 39) 
CH 
(n = 42) 
EH 





Locus MAF H MAF H MAF H MAF H MAF H MAF H MAF H MAF H MAF H MAF H H 
RhD 
(RhD) 
0.644 0.459 0.598 0.481 0.548 0.495 0.678 0.437 0.598 0.481 0.538 0.497 0.750 0.375 0.548 0.495 0.692 0.426 0.782 0.341 0.449 0.030 0.638 
RhC 
(Rhc) 
0.664 0.446 0.662 0.447 0.641 0.460 0.594 0.482 0.527 
(RhC) 
0.499 0.655 0.452 0.594 0.482 0.654 0.453 0.536 0.497 0.571 0.490 0.471 0.015 0.610 
RhE 
(Rhe) 
0.827 0.286 0.797 0.323 0.872 0.224 0.934 0.123 0.892 0.193 0.845 0.262 0.852 0.253 0.872 0.224 0.881 0.210 0.881 0.210 0.231 0.011 0.865 
K 
(k) 
0.946 0.103 0.973 0.053 0.961 0.074 0.953 0.090 0.987 0.027 0.976 0.047 0.961 0.075 0.962 0.074 0.988 0.024 0.976 0.047 0.061 0.006 0.968 
Jk 
(Jka) 
0.527 0.499 0.635 
(Jkb) 
0.464 0.564 0.492 0.519 0.500 0.635 0.464 0.667 0.444 0.563 
(Jkb) 
0.492 0.590 0.484 0.512 0.500 0.524 0.499 0.484 0.028 0.574 
FY 
(Fyb) 
0.546 0.496 0.515 
(Fya) 
0.500 0.590 0.484 0.651 0.454 0.568 0.491 0.548 0.496 0.617 0.473 0.539 0.497 0.619 0.472 0.619 0.472 0.483 0.009 0.581 
MN 
(M) 




0.497 0.568 0.491 0.560 
(N) 
0.493 0.602 0.479 0.539 0.497 0.619 0.472 0.560 
(N) 
0.493 0.487 0.022 0.575 
Lu 
(Lub) 
0.764 0.361 0.946 0.102 0.949 0.097 0.830 0.282 0.730 0.394 0.952 0.091 0.914 0.157 0.846 0.260 0.988 0.024 0.702 0.418 0.219 0.080 0.862 
Mean 0.686 0.392 0.719 0.355 0.711 0.352 0.712 0.358 0.688 0.380 0.718 0.348 0.732 0.348 0.694 0.373 0.730 0.328 0.702 0.371 0.361 0.024 0.709 
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(n = 94) 
Overall 
Locus MAF H MAF H MAF H H GST MAF* 
RhD 
(RhD) 
0.684  0.432 0.545  0.496 0.643  0.459 0.462 0.014 0.624 
RhC 
(Rhc) 
0.594  0.482 0.603  0.479 0.638  0.462 0.498 0.002 0.612 
RhE 
(Rhe) 
0.856  0.246 0.853  0.250 0.904  0.173 0.223 0.005 0.871 
K 
(k) 
0.965     0.068 0.983      0.034 0.952     0.091 0.064 0.005 0.967 
Jk 
(Jka) 
0.513  0.500 0.565  0.492 0.527  0.499 0.497 0.002 0.535 
FY 
(Fyb) 
0.624           0.469 
0.509  
(Fya) 
0.500 0.590   0.484 0.484 0.013 0.574 
MN 
(M) 
0.540     0.497 0.530    0.498 0.516    0.499 0.498 0.000 0.529 
Lu 
(Lub ) 
0.860          0.240 0.927   0.136 0.782  0.341 0.239 0.030 0.856 
Mean 0.705 0.367 0.689 0.361 0.694 0.376 0.368 0.008 0.696 
*BOSNK-Bosniaks, BOSCR-Bosnian Croats, BOSSR-Bosnian Serbs; MAF= major allele frequency; MAF*=overall MAF for three main ethnic 
groups in B&H (unweighted estimates);  H = gene diversity; GST = estimation of GST (GST – measure of genetic differentiation); in column Locus 
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in each bracket is given the identity of the allele whose frequency is being cited for majority of ethnic groups except for BOSCR for FY locus in 
which case we stated the allele identity in bold next to its MAF. 
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Table 3. Nei’s DA Genetic Distance (1983) between Ten Analyzed Subpopulations 
Pop CB CH EB EH KR PO SA MB NE WH 
CB           
CH 0.0093          
EB 0.0036     0.0094         
EH 0.0032     0.0163 0.0077        
KR 0.0041 0.0129 0.0019 0.0046       
PO 0.0107 0.0062 0.0065 0.0160 0.0072      
SA 0.0043 0.0037 0.0059 0.0073 0.0050 0.0041     
MB 0.0053 0.0140 0.0043 0.0053 0.0048 0.0148 0.0098    
NE 0.0048 0.0058 0.0028 0.0121 0.0072 0.0063 0.0061 0.0102   
WH 0.0079 0.0075 0.0033 0.0144 0.0087 0.0087 0.0092 0.0105 0.0010  
*Pop-Populations, CB-Central Bosnia, CH-Central Herzegovina, EB-Eastern Bosnia, EH-Eastern Herzegovina, KR-Krajina, PO-Posavina, SA-
Sarajevo region, MB-Middle Bosnia, NE-North-Eastern Bosnia, WH-Western Herzegovina. 
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Table 4. IGSP Values and Its p Value for Observed Ten Subpopulations Based on the Results of Nei’s DA Genetic Distance (1983) 
Pop IGSP (I) p (I) 
CB -0.2012 0.5246 
CH 0.2778 0.3797 
EB -0.3183 0.3141 
EH 0.3048 0.3351 
KR -0.1532 0.6281 
PO 0.2087 0.5093 
SA -0.1682 0.5948 
MB 0.1862 0.5560 
NE -0.1547 0.6247 
WH 0.0691 0.8270 
*Pop-Populations, IGSP – Index of Genetic Specificity, p-value, CB-Central Bosnia, CH-Central Herzegovina, EB-Eastern Bosnia, EH-Eastern 
Herzegovina, KR-Krajina, PO-Posavina, SA-Sarajevo region, MB-Middle Bosnia, NE-North-Eastern Bosnia, WH-Western Herzegovina. 
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Amino acid change Specificity Reference 












RHCE 1p36.11 676G>C Ala226Pro E>e 
KEL 7q34 578T>C Met193Thr K>k 
JK 18q12.3 838G>A Asp280Asn Jka>Jkb 








LU 19q13.32 230A>G His77Arg Lua>Lub 
*- Rhd phenotype is caused by the deletion of whole RHD gene in Caucasian population. 
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Supplementary Table S2. Comparison Data for Three Blood Groups (RhD, MN and Kell) 
Population RhD Rhd M N K k Reference 
Serbia 0.650 0.350 0.580 0.420 0.030 0.970 Kidd et al. 2003 
Germany 0.589 0.411 0.550 0.450 0.040 0.960 Kidd et al. 2003 
Denmark 0.600 0.400 0.531 0.469 0.034 0.966 Kidd et al. 2003 
Iceland 0.610 0.390 0.591 0.409 0.054 0.946 Chakraborty 2010; Kidd et al. 2003 
Norway 0.620 0.380 0.548 0.452 0.045 0.955 Chakraborty 2010; Kidd et al. 2003 
Sweden 0.600 0.400 0.563 0.437 0.036 0.964 Heiken 1962; Heiken 1965; Kidd et al. 2003 
Spain 0.570 0.430 0.507 0.493 0.038 0.962 
Campillo et al. 1973; Chakraborty 2010; Kidd et 
al. 2003 
France 0.610 0.390 0.567 0.433 0.044 0.956 
Chakraborty 2010; Kherumian et al. 1967; Kidd 
et al. 2003 
United Kingdom 0.590 0.410 0.534 0.466 0.046 0.954 Chakraborty 2010; Kidd et al. 2003 
Ireland 0.600 0.400 0.570 0.430 0.040 0.960 Chakraborty 2010; Kidd et al. 2003 
Bosnia and 
Herzegovina 
0.637 0.363 0.532 0.468 0.033 0.967 This study 
India 0.760 0.240 0.504 0.496 0.004 0.996 
Basu et al. 2018; Chakraborty 2010; Thakral et 
al. 2010 
South Korea 0.950 0.050 0.486 0.514 0.000 1.000 Chakraborty 2010; Won et al. 1960 
China 0.900 0.100 0.575 0.425 0.000 1.000 
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Figure Captions 
Figure 1. Map of regions observed in this study; 1 – Krajina (KR); 2 – Posavina (PO); 3 – 
North-Eastern Bosnia (NE); 4 – Central Bosnia (CB); 5 – Middle Bosnia (MB); 6 – Western 
Herzegovina (WH); 7 – Sarajevo Region (SR); 8 – Eastern Bosnia (EB), 9 – Central 
Herzegovina (CH); 10 - Eastern Herzegovina (EH) 
Figure 2. Neighbor-Joining dendrogram for ten analyzed subpopulations (in brackets next to 
each subpopulation name is given ID number from Figure 1) 
Figure 3. NM-MDS diagram of 450 samples grouped according to ethnicity (● - Bosniaks, □ 
- Bosnian Croats, + - Bosnian Serbs) 
Figure 4. NM-MDS diagram of 14 analyzed populations based on RhD, MN and Kell blood 
type data; Abbreviations: UK- United Kingdom; SK – South Korea; B&H – Bosnia and 
Herzegovina 
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Figure 4. 
 
 
